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(57) A transmission power control method for 
controlling transmission power of radio com- 
munications in a CDMA system. The transmis- 
sion power of a first transmitted signal 
transmitted from a first station is determined by 
a transmission power control signal contained 
in a second transmitted signal sent from a 
second station. The first station receives the 
second transmitted signal in the form of con- 
volutional codes, and decodes it by using a first 
Viterbi decoder (15) and a second Viterbi de- 
coder (16). The first Viterbi decoder (15) in- 
cludes a path memory with the path history 
length of a first predetermined length, and the 
second Viterbi decoder (16) includes a path 
memory with the path history length of a second 
predetermined length which is shorter than the 
first predetermined length. The transmission 
power control signal contained in the second 
transmitted signal is extracted from the output 
of the second Viterbi decoder, whereas the 
other information data is obtained from the 
output of the first Viterbi decoder. The first 
station controls the transmission power of the 
first transmitted signal on the basis of the ext- 
racted transmission power control signal. This 
makes it possible to achieve highly accurate, 
fast responsive transmission power control. 
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The present invention relates to a radio system, 
and more particularly to a transmission power control 
method and apparatus for mobile communications 
using a CDMA (Code Division Multiple Access) sys- 
tem. 

As is well known, since a plurality of users share 
the same frequency band in a CDMA system, signals 
from other users interfere with the signal of a user, 
thereby degrading the communication quality of the 
user. In addition, when a first mobile station near a 
base station and a second mobile station faraway 
from the base station perform communications at the 
same time, a transmitted signal from the first mobile 
station will be received at higher power by the base 
station, and a transmitted signal from the second mo- 
bile station will be received at lower power. 

Thus, a near-far problem arises in that channel 
quality will be greatly degraded in communications 
between a base station and faraway mobile stations 
owing to the interference from mobile stations near 
the base station. In view of this, transmission power 
control has been studied as a technique for overcom- 
ing the near-far problem. The transmission power 
control in a transmitting station is carried out by con- 
trolling transmission power in such a manner that the 
received power by a receiving station, or the SIR (Sig- 
nal-to-lnterference power Ratio) obtained from the 
received power is kept constant independently of the 
locations of the transmitting station, thereby provid- 
ing uniform channel quality throughout the service 
area. In particular, in reverse (from mobile station to 
base station) channels, the transmission power con- 
trol in respective mobile stations is performed such 
that the received power of signals transmitted from 
the mobile stations and received by the base station, 
or the SIR associated with the received power is kept 
constant at the base station. 

Since CDMA systems consider the interferences 
from the other users as white noise, equivalent noise 
power increases with the number of users, and the ca- 
pacity in terms of the number of subscribers in a cell 
is determined on the basis of the received SIR which 
can provide predetermined channel quality. 

On the other hand, the received SIR is kept con- 
stant in forward (from base station to mobile station) 
channels. This is because an intended channel signal 
travels from a base station to a mobile station through 
the same propagation paths as the signals for other 
users which cause the interference, and undergoes 
the same fluctuations as the interference waves, 
which fluctuations include long-term, short-term, and 
instantaneous fluctuations. Therefore, the received 
SIR is constant in forward channels, and hence, the 
transmission power control is not required when tak- 
ing account of only the interference in the same cell. 

The CDMA system, which handles the interfer- 
ence as white noise, however, must take account of 
the interferences from other cells because it shares 



the same frequency band with the adjacent cells. Al- 
though the interference power from other cells is 
caused by instantaneous fluctuations due to Rayleigh 
fading as the interference power in the same cell, the 

5 fluctuations differ from those of the desired signal. 

According to the CDMA system standard by TIA 
(Telecommunications Industry Association), the for- 
ward transmission power control is not performed ba- 
sically, but the transmission power of the base station 

10 to a mobile station is increased when a frame error 
rate at the base station exceeds a predetermined 
threshold level. This is because a large quantity of 
transmission power changes will increase the inter- 
ference to other cells. This conventional system, how- 

15 ever, cannot follow the instantaneous fluctuations 
due to the interferences from other cells, which are 
caused by the transmitted signals from the base sta- 
tions of other cells. 

A transmission power control method based on a 

20 closed loop control using a transmission power con- 
trol bit is known as a conventional transmission power 
control method that can track the instantaneous fluc- 
tuations. 

Figs. 1A and 1B show an example of the trans- 

25 mission power control method based on the closed 
loop control when the base station communicates 
with a mobile station within the cell. As shown in Figs. 
1Aand 1B, the mobile station despreads a received 
signal from the base station at step S102, and then, 

30 measures the received power of the desired signal 
from the base station and that of interference at step 
S122. Subsequently, the mobile station calculates a 
received SIR based on the measured results at step 
S124, compares the received SIR with a reference 

35 SIR at step S126, and determines the transmission 
power control bit for controlling the transmission pow- 
er of the base station on the basis of the comparison 
result at step S128. Then, the mobile station forms a 
frame which includes the transmission power control 

40 bit at step S130, and transmits it to the base station. 
In parallel with this, the mobile station demodulates a 
signal transmitted from the base station at step S1 32, 
extracts a transmission power control bit at step 
S134, and decides its own transmission power in ac- 

45 cordance with the command of the transmission pow- 
er control bit sent from the base station at step S136. 

Likewise, the base station despreads a received 
signal from the mobile station at step S142, demod- 
ulates it at step S172, extracts a transmission power 

so control bit at step S1 74, and determines its own trans- 
mission power in accordance with the command of 
the transmission power control bit sent from the mo- 
bile station at step S176. Furthermore, the base sta- 
tion measures the received power of the desired sig- 

55 nal from the mobile station and that of interference at 
step S162, calculates received SIR at step S164, 
compares the received SIR with a reference SIR at 
step S166, and determines a transmission power 
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control bit for controlling the transmission power of 
the mobile station on the basis of the measured result 
at step S1 68. Then, the base station forms a frame by 
inserting the transmission power control bit into a sig- 
nal to be transmitted at step S170, and sends it to the 
mobile station. 

In the conventional closed loop transmission 
power control method described above in connection 
with Figs. 1Aand 1B, high reliability is required of the 
transmission power control bit. This is because an er- 
roneous transmission power control bit due to degra- 
dation of the communication path might result in pow- 
ercontrol opposite to the required control. This will in- 
crease interference to other users because of exces- 
sive transmission power, or result in insufficient chan- 
nel quality because of the lack of transmission power. 

To improve the reliability of the transmission 
power control bit, error correction coding for the 
transmission power control bit is effective. In partic- 
ular, convolutional coding/Viterbi decoding, which 
has high correcting ability for random errors, is effec- 
tive for cellular CDMA systems because errors are 
made random by the bandwidth spreading in the 
CDMA system. The Viterbi decoding, however, re- 
quires a path memory whose path history length is 
five to six times the constraint length of a convolution- 
al code. Therefore, decoding of the transmission pow- 
er control bit causes a delay corresponding to the 
path history length of the path memory. This presents 
a problem in that instantaneous changes in commu- 
nication path cannot be followed, and this hinders 
high accuracy transmission power control. 

In view of this, an object of the present invention 
is to provide a highly accurate, fast responsive trans- 
mission power control method and apparatus for 
CDMA systems using transmission power control bit. 

In a first aspect of the present invention, there is 
provided a transmission power control method for ra- 
dio communications using a CDMA (Code Division 
Multiple Access) system, the method controlling 
transmission power of a first transmitted signal radi- 
ated from a first station in accordance with a trans- 
mission power control signal contained in a second 
transmitted signal sent from a second station and re- 
ceived at the first station, the first and second trans- 
mitted signal being expressed in the form of convolu- 
tional codes, the method comprising the steps of: 

decoding, at the first station, the second trans- 
mitted signal by using a first Viterbi decoder including 
a path memory with a path history length of a first pre- 
determined length; 

decoding, at the first station, the second trans- 
mitted signal by using a second Viterbi decoder in- 
cluding a path memory with a path history length of 
a second predetermined length which is shorter than 
the first predetermined length; 

extracting, at the first station, the transmission 
power control signal contained in the second trans- 



mitted signal from an output of the second Viterbi de- 
coder; 

controlling, at the first station, the transmis- 
sion power of the first transmitted signal of the first 
5 station by using the transmission power control signal 
extracted from the output of the second Viterbi decod- 
er; and 

obtaining, at the first station, information data 
other than the transmission power control signal from 
10 an output of the first Viterbi decoder. 

The first predetermined path history length may 
be five times a constraint length of the convolutional 
codes, and the second predetermined path history 
length is twice the constraint length. 
15 The transmission power control method may fur- 

ther comprise the steps of: 

measuring, at the second station, received 
power of the first transmitted signal from the first sta- 
tion; 

20 determining, at the second station, transmis- 

sion power of the first transmitted signal on the basis 
of the received power; 

generating, at the second station, the trans- 
mission power control signal corresponding to the 

25 transmission power determined at the step of deter- 
mining; 

inserting, at the second station, the transmis- 
sion power control signal into the second transmitted 
signal; 

30 performing, at the second station, convolution- 

al encoding of the second transmitted signal which in- 
cludes the transmission power control signal; and 

transmitting the second transmitted signal 
from the second station. 

35 The first station may be a mobile station and the 

second station may be a base station of the CDMA 
system. 

The first station may be a base station and the 
second station may be a mobile station of the CDMA 
40 system. 

The transmission power control method may fur- 
ther comprise the steps of: 

interleaving, at the first station, the convolu- 
tional codes to produce an interleaved signal; 
45 modulating, at the first station, the interleaved 

signal to produce a modulated signal; 

spreading, at the first station, the modulated 
signal by using a spreading code to produce a spread 
signal; and 

so transmitting the spread signal from the first 

station to the second station. 

The transmission power control method may fur- 
ther comprise the steps of: 

receiving, at the second station, the spread 
55 signal sent from the first station; 

despreading, at the second station, the spread 
signal by using a replica of the spreading code to pro- 
duce a despread signal; 
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demodulating, at the second station, the de- 
spread signal to produce a demodulated signal; 

deinterleaving, at the second station, the de- 
modulated signal to produce a deinterleaved signal; 
and 

providing, at the second station, the first Viter- 
bi decoder and the second Viterbi decoder with the 
deinterleaved signal. 

In a second aspect of the present invention, there 
is provided a transmission power control apparatus 
for radio communications using a CDMA (Code Divi- 
sion Multiple Access) system, the apparatus control- 
ling transmission power of a first transmitted signal 
radiated from a first station in accordance with a 
transmission power control signal contained in a sec- 
ond transmitted signal sent from a second station and 
received at the first station, the first and second 
transmitted signal being expressed in the form of con- 
volutional codes, the apparatus comprising: 

means for decoding, at the first station, the 
second transmitted signal by using a first Viterbi de- 
coder including a path memory with a path history 
length of a first predetermined length; 

means for decoding, at the first station, the 
second transmitted signal by using a second Viterbi 
decoder including a path memory with a path history 
length of a second predetermined length which is 
shorter than the first predetermined length; 

means for extracting, at the first station, the 
transmission power control signal contained in the 
second transmitted signal from an output of the sec- 
ond Viterbi decoder; 

means for controlling, at the first station, the 
transmission power of the first transmitted signal of 
the first station by using the transmission power con- 
trol signal extracted from the output of the second Vi- 
terbi decoder; and 

means for obtaining, at the first station, infor- 
mation data other than the transmission power con- 
trol signal from an output of the first Viterbi decoder. 

The first predetermined path history length may 
be five times a constraint length of the convolutional 
codes, and the second predetermined path history 
length is twice the constraint length. 

The transmission power control apparatus may 
further comprise: 

means for measuring, at the second station, 
received power of the first transmitted signal from the 
first station; 

means for determining, at the second station, 
transmission power of the first transmitted signal on 
the basis of the received power; 

means for generating, at the second station, 
the transmission power control signal corresponding 
to the transmission power determined by the means 
for determining; 

means for inserting, at the second station, the 
transmission power control signal into the second 



transmitted signal; 

means for performing, at the second station, 
convolutional encoding of the second transmitted sig- 
nal which includes the transmission power control 
5 signal; and 

means for transmitting the second transmitted 
signal from the second station. 

The first station may be a mobile station and the 
second station may be a base station of the CDMA 
10 system. 

The first station may be a base station and the 
second station may be a mobile station of the CDMA 
system. 

The transmission power control apparatus may 

15 further comprise: 

means for interleaving, at the first station, the 
convolutional codes to produce an interleaved signal; 

means for modulating, at the first station, the 
interleaved signal to produce a modulated signal; 

20 means for spreading, at the first station, the 

modulated signal by using a spreading code to pro- 
duce a spread signal; and 

means for transmitting the spread signal from 
the first station to the second station. 

25 The transmission power control apparatus may 

further comprise: 

means for receiving, at the second station, the 
spread signal sent from the first station; 

means for despreading, at the second station, 

30 the spread signal by using a replica of the spreading 
code to produce a despread signal; 

means for demodulating, at the second sta- 
tion, the despread signal to produce a demodulated 
signal; means for deinterleaving, at the second sta- 

35 tion, the demodulated signal to produce a deinter- 
leaved signal; and 

means for providing, at the second station, the 
first Viterbi decoder and the second Viterbi decoder 
with the deinterleaved signal. 

40 According to the present invention, there is pro- 

vided at a receiver side a normal Viterbi decoder hav- 
ing a path memory whose path history length is about 
five times the constraint length of a convolutional 
code, and a simplified Viterbi decoder having a path 

45 memory whose path history length is shorter than 
that of the normal Viterbi decoder. The transmitted 
signal in the form of convolutional codes is decoded 
by the normal Viterbi decoder, whereas the transmis- 
sion power control bit is decoded by the simplified Vi- 

50 terbi decoder in a short time, thereby achieving trans- 
mission power control based on the decoded results. 
This makes it possible to implement a highly accurate, 
fast responsive transmission power control. 

The above and other objects, effects, features 

55 and advantages of the present invention will become 
more apparent from the following description of the 
embodiments thereof taken in conjunction with the 
accompanying drawings. 
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Figs. 1A and 1B are flowcharts explaining the 
principle of a conventional transmission power 
control method; 

Fig. 2 is a flowchart showing the principle of a 
transmission power control method in accor- 
dance with the present invention; 
Fig. 3 is a diagram illustrating the behavior of the 
average bit error rate of a Viterbi decoder in terms 
of path memory lengths as a parameter; 
Figs. 4A and 4B are block diagrams showing an 
embodiment of a transmission power control ap- 
paratus in accordance with the present invention; 
and 

Figs. 5Aand 5B are block diagrams showing an- 
other embodiment of a transmission power con- 
trol apparatus in accordance with the present in- 
vention. 

The invention will now be described with refer- 
ence to the accompanying drawings. 

EMBODIMENT 1 

Fig. 2 illustrates the sequence of a transmission 
power control method in accordance with the present 
invention. The present invention is applicable not only 
to the transmission power control in base stations but 
also to that in mobile stations. Here, a transmission 
power control apparatus in accordance with the pres- 
ent invention will be described by taking an example 
applied to the transmission power control in a base 
station. 

When a base station communicates with a mobile 
station in the cell associated with the base station, the 
base station despreads a received signal sent from 
the mobile station at step S202, carries out demodu- 
lation and deinterleaving (when the mobile station in- 
terleaves) at step S222, and divides the received sig- 
nal into two portions. A first portion is decoded by a 
normal Viterbi decoder including a path memory 
whose path history length is about five times longer 
than the constraint length of the received signal (con- 
volutional codes) at step S224. The output of the nor- 
mal Viterbi decoder is used as information data. De- 
tails of the Viterbi decoder are described in the follow- 
ing books, for example: A. M. Michelson and A. H. 
Levesque, "Error-Control Techniques for Digital Com- 
munication", Wiley-lnterscience Publication (ISBN 0- 
471-88074-4); S. Lin and D. J. Costello, "Error Con- 
trol Coding: Fundamentals and Applications", Pren- 
tice-Hall, Inc, (ISBN 0-13-283796-X); V. K. Bhargava, 
D. Haccoun, R. Matyas, and P. P. Nuspl, "Digital Com- 
munications by Satellite", Wiley-lnterscience Public- 
ation, (ISBN 0-471 -0831 6-X); and J. G. Proakis and 
M. Salehi, "Communication Systems Engineering", 
Prentice Hall, (ISBN 0-13-1 58932-6), which are incor- 
porated here by reference. 

The decoding delay of the Viterbi decoder equals 
the path history length of the path memory. The nor- 



mal Viterbi decoder uses a path memory with the path 
history length of about five times the constraint 
length of a convolutional encoder. Accordingly, when 
the constraint length is 7 bits, the path history length 

5 of the path memory becomes 7 x 5 = 35 bits. Thus, 
quickly responsive transmission power control which 
can follow instantaneous fluctuations cannot be ach- 
ieved if the transmission power control is carried out 
in accordance with the transmission power control bit 

10 decoded by the normal Viterbi decoder because it 
provides the transmission power control bit with a de- 
lay corresponding to the path history length during 
the decoding. 

In view of this, this embodiment is provided with 

15 a second, simplified Viterbi decoder having a path 
memory with the path history length shorter than that 
of the normal Viterbi decoder. The basestation de- 
codes the received signal using the simplified Viterbi 
decoder at step S226, extracts the transmission pow- 

20 er control bit at step S228, and decides the transmis- 
sion power in accordance with the command of the 
transmission power control bit at step S230. The path 
history length of the simplified Viterbi decoder is set 
at about twice the constraint length, that is, about 14 

25 bits. This means that decoding interval of the simpli- 
fied Viterbi decoder can be reduced to 2/5 of that of 
the normal Viterbi decoder, which makes it possible to 
follow instantaneous fluctuations. 

In parallel with the above-described steps, the 

30 base station measures the received power of a de- 
sired signal and that of interference at step S242, af- 
ter despreading the received signal from the mobile 
station at step S202. Subsequently, the base station 
calculates a received SIR of the received power of the 

35 desired signal to that of the interference at step S244, 
compares the received SIR with a predetermined ref- 
erence SIR at step S246, and decides the transmis- 
sion power control bit for controlling the transmission 
power of the mobile station, on the basis of the com- 

40 pared result at step S248. Then, the base station in- 
serts the transmission power control bit into a frame 
to be transmitted, encoding the frame to convolution- 
al codes, and performs modulation and spreading of 
the frame at step S250, and then transmit it to the mo- 

45 bile station. The frame which has been converted into 
convolutional codes may be interleaved at step S250 
to improve the efficiency of the convolutional cod- 
ing/Viterbi decoding. 

A method for determining the path history length 

so of the second, simplified Viterbi decoder will now be 
described. 

Fig. 3 illustrates the behavior of the bit error rate 
of the Viterbi decoder in terms of the path history 
length as a parameter. In Fig. 3, the ordinate indicates 
55 an average bit error rate, and the abscissa indicates 
the ratio of signal power per bit (Eb) to noise power 
density (No). If the path history length of the Viterbi 
decoder equals the constraint length, the effect of the 
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error correction cannot be achieved as illustrated in 
this figure, which shows that the error rate character- 
istics of the simplified Viterbi decoder nearly equals 
those when no error correction is carried out. 

If a received signal, which would produce an aver- 5 
age bit error rate of lO^ 3 when decoded by a normal 
Viterbi decoder with the path history length of five 
times the constraint length, is decoded by a simpli- 
fied Viterbi decoder with the path history length of 
twice the constraint length, a bit error rate of 6 x 10 
10- 3 can be achieved. This means that the bit error 
rate is reduced from 2 x 1 0~ 2 to 6 x 1 O^ 3 , that is, to ap- 
proximately 1/3. When the same received signal is 
decoded by a simplified Viterbi decoder with the path 
history length of three times the constraint length, a 15 
bit error rate of 2 x 1 0~ 3 is achieved. This means that 
the bit error rate is reduced to 1/10 as compared with 
the case where no error correction is performed. In 
view of these, the path history length of the simplified 
Viterbi decoder that enables the transmission power 20 
control to follow instantaneous fluctuations is ob- 
tained from an information transmission rate and a 
supposed maximum Doppler frequency. For exam- 
ple, it is determined as twice the constraint length. 

Figs. 4A and 4B are block diagrams showing an 25 
embodiment of a spread-spectrum communication 
system in accordance with the present invention. In 
Figs. 4Aand 4B, the reference numeral 10 designates 
an antenna, the reference numeral 11 designates a di- 
plexer, the reference numeral 1 2 designates an RF re- 30 
ceiver, the reference numeral 13 denotes a despread- 
er, the reference numeral 14 designates a demodula- 
tor, the reference numeral 1 5 designates a normal Vi- 
terbi decoder, the reference numeral 16 designates a 
simplified Viterbi decoder, the reference numeral 17 35 
designates a transmission power control bit extractor, 
the reference numeral 18 designates a transmission 
power controller, the reference numeral 19 designa- 
tes a desired wave received power detector, the ref- 
erence numeral 20 designates an interference wave 40 
received power detector, the reference numeral 21 
designates an SIR calculator, the reference numeral 
22 designates a transmission power control bit deci- 
sion portion, the reference numeral 23 designates a 
signal generator, the reference numeral 24 designa- 45 
tes a convolutional encoder, the reference numeral 25 
designates a modulator, the reference numeral 26 
designates a spreader, and the reference numeral 27 
designates an RF transmitter. 

Next, the operation of the base station will be de- 50 
scribed referring to Figs. 4Aand 4B, although the mo- 
bile station has a similar arrangement and operates 
in a similar way. A spread-spectrum signal transmit- 
ted from a mobile station is received by the antenna 
1 0. The received signal is inputted to the RF receiver 55 
12 via the diplexer 11. In the RF receiver 12, the re- 
ceived signal is passed through a bandpass filter 
(BPF) to remove components outside the pass band, 



amplified by an amplifier, and down-converted to an 
intermediate frequency (IF) signal by a clock signal 
generated by a local oscillator. The IF signal is passed 
through a bandpass filter, and its level is corrected to 
an appropriate signal level by an automatic gain con- 
trol circuit (AGC). The output of the AGC undergoes 
a pseudo-coherent detection, and is frequency-con- 
verted into a baseband signal. 

The baseband signal is passed though a lowpass 
filter (LPF), undergoes an analog-to-digital (A/D) con- 
version, and is outputted as a digital signal. The digital 
signal outputted from the RF receiver 12 is despread 
by the despreader 1 3, and is outputted as a narrow 
band modulated signal. The modulated signal is de- 
modulated by the demodulator 14. 

The demodulated signal is divided into two por- 
tions. A first portion is supplied to the normal Viterbi 
decoder 15 including a path memory with the path 
history length of about five times the constraint 
length, and is decoded. A second portion is supplied 
to the simplified Viterbi decoder 16 including a path 
memory with the path history length shorter than that 
of the normal Viterbi decoder 1 5. The output of the 
normal Viterbi decoder 1 5 is used as information data, 
and the output of the simplified Viterbi decoder 16 is 
used to obtain the transmission power control bit 
used for the transmission power control. 

The transmission power control bit extractor 17 
extracts the transmission power control bit from the 
decoded signal by the simplified Viterbi decoder 16. 
The extracted transmission power control bit is sup- 
plied to the transmission power controller 18, which 
determines the transmission power of the base sta- 
tion on the basis of the transmission powercontrol bit, 
and provides the RF transmitter 27 with control infor- 
mation. Thus, the transmission power of the base sta- 
tion is controlled. 

On the other hand, the desired wave received 
power detector 19 and the interference wave re- 
ceived power detector 20 in the despreader 13 detect 
the desired wave received powerand the interference 
wave received power, respectively, on the basis of 
which the SIR calculator 21 obtains the received SIR. 

The transmission power control bit decision por- 
tion 22 compares the received SIR with a predeter- 
mined reference SIR, and produces transmission 
control bit which commands an increase in the trans- 
mission power of the mobile station when the re- 
ceived SIR is less than the reference SIR, whereas it 
produces the transmission control bit which com- 
mands a decrease in the transmission power of the 
mobile station when the received SIR is greater than 
the reference SIR, and supplies the transmission con- 
trol bit to the signal generator 23. 

The signal generator 23 forms a frame to be 
transmitted, which includes the transmission power 
control bit supplied from the transmission powercon- 
trol bit decision portion 22, and provides it to the con- 
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volutional encoder 24. The convolutional encoder 24 
converts the signals including the transmission pow- 
er control bit and information data into convolutional 
codes. The output of the convolutional encoder 24, 
that is, the signal to be transmitted to the mobile sta- 5 
tion is modulated by the modulator 25, spread by the 
spreader 26, and is supplied to the RF transmitter 27. 
The transmitted signal which is frequency converted 
to an IF and then to an RF band by the RF transmitter 
27 is transmitted at the transmission power deter- 10 
mined by the control information outputted from the 
transmission power controller 18. 

EMBODIMENT 2 

15 

Figs. 5Aand 5B are block diagrams showing an- 
other embodiment of a spread-spectrum communica- 
tion system in accordance with the present invention. 
In Figs. 5Aand 5B, hardware blocks having the same 
functions as those of Figs. 4Aand 4B are designated 20 



by the same reference numerals as in Figs. 4A and 
4B. 

This embodiment is provided with an inter leaver 
30 and a deinterleaver 35 in addition to the system 
shown in Figs. 4A and 4B. The interleaver 30 inter- 
leaves the signal converted into the convolutional 
codes, and the deinterleaver 35 reconverts the inter- 
leaved signal into the original signal. Thus, burst bit 
errors caused by fading are made random by the in- 



transmission power control signal contained in a 
second transmitted signal sent from a second 
station and received at the first station, said first 
and second transmitted signal being expressed 
in the form of convolutional codes, said method 
characterized by comprising the steps of: 

decoding, at the first station, said second 
transmitted signal by using a first Viterbi decoder 



including a path memory with a path history 
length of a first predetermined length; 

decoding, at the first station, said second 
transmitted signal by using a second Viterbi de- 
coder including a path memory with a path his- 
tory length of a second predetermined length 
which is shorter than said first predetermined 
length; 

extracting, at the first station, said trans- 
mission power control signal contained in said 
second transmitted signal from an output of said 
second Viterbi decoder; 

controlling, at the first station, the trans- 
mission power of said first transmitted signal of 
said first station by using said transmission pow- 
er control signal extracted from the output of said 
second Viterbi decoder; and 

obtaining, at the first station, information 
data other than said transmission power control 
signal from an output of said first Viterbi decoder. 

2. The transmission power control method as 
claimed in claim 1, characterized in that said first 
predetermined path history length is five times a 

25 constraint length of said convolutional codes, and 

said second predetermined path history length is 
twice the constraint length. 

3. The transmission power control method as 
claimed in claim 1, characterized by further com- 
prising the steps of: 

measuring, at the second station, received 
power of said first transmitted signal from said 
first station; 

determining, at the second station, trans- 
mission power of said first transmitted signal on 
the basis of said received power; 

generating, at the second station, said 
transmission power control signal corresponding 
to said transmission power determined at the 
step of determining; 

inserting, at the second station, said trans- 
mission power control signal into said second 
transmitted signal; 

performing, at the second station, convo- 
lutional encoding of said second transmitted sig- 
nal which includes said transmission power con- 
trol signal; and 

transmitting said second transmitted sig- 
nal from said second station. 

4. The transmission power control method as 
claimed in claim 3, characterized in that said first 
station is a mobile station and said second station 

55 is a base station of the CDMA system. 

5. The transmission power control method as 
claimed in claim 3, characterized in that said first 



terleave in this embodiment. This makes it possible to 30 
improve the error correction ability of the convolution- 
al coding/ Viterbi decoding. 

The present invention has been described in de- 
tail with respect to various embodiments, and it will 
now be apparent from the foregoing to those skilled 35 
in the art that changes and modifications may be 
made without departing from the invention in its 
broader aspects, and it is the intention, therefore, in 
the appended claims to cover all such changes and 
modifications as fall within the true spirit of the inven- 40 
tion. 



Claims 

45 

1. A transmission power control method for radio 
communications using a CDMA (Code Division 
Multiple Access) system, said method controlling 
transmission power of a first transmitted signal 
radiated from a first station in accordance with a 50 
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station is a base station and said second station 
is a mobile station of the CDMA system. 

6. The transmission power control method as 
claimed in claim 1, characterized by further com- 
prising the steps of: 

interleaving, at the first station, said con- 
volutional codes to produce an interleaved sig- 
nal; 

modulating, at the first station, said inter- 
leaved signal to produce a modulated signal; 

spreading, at the first station, said modu- 
lated signal by using a spreading code to produce 
a spread signal; and 

transmitting said spread signal from said 
first station to said second station. 

7. The transmission power control method as 
claimed in claim 6, characterized by further com- 
prising the steps of: 

receiving, at the second station, said 
spread signal sent from said first station; 

despreading, at the second station, said 
spread signal by using a replica of said spreading 
code to produce a despread signal; 

demodulating, at the second station, the 
despread signal to produce a demodulated sig- 
nal; 

deinterleaving, at the second station, said 
demodulated signal to produce a deinterleaved 
signal; and 

providing, at the second station, said first 
Viterbi decoder and said second Viterbi decoder 
with said deinterleaved signal. 

8. A transmission power control apparatus for radio 
communications using a CDMA (Code Division 
Multiple Access) system, said apparatus control- 
ling transmission power of a first transmitted sig- 
nal radiated from a first station in accordance 
with a transmission power control signal con- 
tained in a second transmitted signal sent from a 
second station and received at the first station, 
said first and second transmitted signal being ex- 
pressed in the form of convolutional codes, said 
apparatus characterized by comprising: 

means for decoding, at the first station, 
said second transmitted signal by using a first Vi- 
terbi decoder including a path memory with a 
path history length of a first predetermined 
length; 

means for decoding, at the first station, 
said second transmitted signal by using a second 
Viterbi decoder including a path memory with a 
path history length of a second predetermined 
length which is shorter than said first predeter- 
mined length; 

means for extracting, at the first station, 



said transmission power control signal contained 
in said second transmitted signal from an output 
of said second Viterbi decoder; 

means for controlling, at the first station, 
5 the transmission power of said first transmitted 

signal of said first station by using said transmis- 
sion power control signal extracted from the out- 
put of said second Viterbi decoder; and 

means for obtaining, at the first station, in- 
10 formation data other than said transmission pow- 

er control signal from an output of said first Viterbi 
decoder. 

9. The transmission power control apparatus as 
15 claimed in claim 8, characterized in that said first 

predetermined path history length is five times a 
constraint length of said convolutional codes, and 
said second predetermined path history length is 
twice the constraint length. 

20 

10. The transmission power control apparatus as 
claimed in claim 8, characterized by further com- 
prising: 

means for measuring, at the second sta- 
25 tion, received power of said first transmitted sig- 

nal from said first station; 

means for determining, at the second sta- 
tion, transmission power of said first transmitted 
signal on the basis of said received power; 
30 means for generating, at the second sta- 

tion, said transmission power control signal cor- 
responding to said transmission power deter- 
mined by said means for determining; 

means for inserting, at the second station, 
35 said transmission power control signal into said 

second transmitted signal; 

means for performing, at the second sta- 
tion, convolutional encoding of said second 
transmitted signal which includes said transmis- 
40 sion power control signal; and 

means for transmitting said second trans- 
mitted signal from said second station. 

11. The transmission power control apparatus as 
45 claimed in claim 10, characterized in that said 

first station is a mobile station and said second 
station is a base station of the CDMA system. 

12. The transmission power control apparatus as 
so claimed in claim 10, characterized in that said 

first station is a base station and said second sta- 
tion is a mobile station of the CDMA system. 

13. The transmission power control apparatus as 
55 claimed in claim 8, characterized by further com- 
prising: 

means for interleaving, at the first station, 
said convolutional codes to produce an inter- 
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leaved signal; 

means for modulating, at the first station, 
said interleaved signal to produce a modulated 
signal; 

means for spreading, at the first station, 5 
said modulated signal by using a spreading code 
to produce a spread signal; and 

means for transmitting said spread signal 
from said first station to said second station. 

10 

14. The transmission power control apparatus as 
claimed in claim 13, characterized by further 
comprising: 

means for receiving, at the second station, 
said spread signal sent from said first station; 15 

means for despreading, at the second sta- 
tion, said spread signal by using a replica of said 
spreading code to produce a despread signal; 

means for demodulating, at the second 
station, the despread signal to produce a de- 20 
modulated signal; 

means for deinterleaving, at the second 
station, said demodulated signal to produce a de- 
interleaved signal; and 

means for providing, at the second station, 25 
said first Viterbi decoder and said second Viterbi 
decoder with said deinterleaved signal. 

15. A method or apparatus for error correction in a 
CDMA communications system wherein the re- 30 
ceived data comprises in a convolution encoded 
sequence user data and power control data, and 
wherein the power control data is decoded with a 
lower degree of error correction then the user 
data. 35 

16. Amethod or apparatus for use in a CDMA system 
comprising any combination of features of any 
preceding claim. 

40 

17. A station for use in a CDMA communication sys- 
tem, having the first station technical features of 
an apparatus according to any of claims 8 to 16. 

1 8. A station for use in a CDMA communication sys- 45 
tern, having the second station technical features 

of an apparatus according to any of claims 8 to 
16. 
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